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Required Textbook 


Pong P. Chu, 

FPGA Prototyping by VHDL Examples: Xilinx 
Spartan- 3 Version , 

Wiley-Interscience, 2008. 

Recommended Textbook 

Stephen Brown and Zvonko Vranesic, 
Fundamentals of Digital Logic with VHDL 
Design , McGraw-Hill, 3 rd or 2 nd Edition 


Basic Textbook 

Part I Basic Digital Circuits 

- combinational 

- sequential 

- state machines and ASM charts 

Part II I/O Modules 

- video 

- serial communication 

- keyboard 

- mouse 

Part III PicoBlaze Microcontroller 

- block diagram 

- instruction set 

- I/O interface 

- interrupts 



Topics 


VHDL: 

- writing testbenches 

- writing synthesizable RTL level code in VHDL 

FPGAs: 

- architecture of FPGA devices 

- embedded resources (memories, DSP units) 

- tools for the computer-aided design with FPGAs 

- current FPGA families & future trends 
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What is an FPGA? 



Block RAMs 


Configurable 

Logic 

Blocks 


I/O 

Blocks 


Block 

RAMs 



































































Two competing implementation 

approaches 


ASIC 

Application Specific 
Integrated Circuit 


• designed all the way 
from behavioral description 
to physical layout 

• designs must be sent 
for expensive and time 
consuming fabrication 

in semiconductor foundry 


FPGA 

Field Programmable 
^ Gate Array 

• no physical layout design; 
design ends with 

a bitstream used 
to configure a device 

• bought off the shelf 
and reconfigured by 
designers themselves 


FPGAs vs. ASICs 


ASICs 


High performance 


FPGAs 
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Short time to the market 


Low cost (but only 
in high volumes) 




FPGA Design process (1) 


Design and implement a simple unit permitting to 
speed up encryption with RC5-similar cipher with 
fixed key set on 8031 microcontroller. Unlike in 
the experiment 5, this time your unit has to be able 
to perform an encryption algorithm by itself, 
executing 32 rounds 



Specification (Lab Assignments) 


On-paper hardware design 
(Block diagram & ASM chart) 



Library IEEE; 
u se ieee.std _ to g ic_ 1 1 6 4 .all; 
u se ieee.std _ lo g ic_ u n sig n ed .all; 

entity RC5_coreis 
P°rt( 

clock, reset, encr_decr:in stdlogic; 
datainput in std_togic_vector( 1 downlo'i); 
data_outputoutstd_logic_vector( downto 1 ); 
out_full:in stdlogic; 

keyinput in std_logic_vector( I downto 0); 
key_read:outstd_logic; 

); 

end AES core; 


VHDL description (Your Source Files) 



Functional simulation 




Synthesis 



Post-synthesis simulation 

▲ 




FPGA Design process (2) 


Implementation 



Timing simulation 


>- 


Configuration 



On chip testing 





Simulation Tools 


I Sim 


Active- HDL™ 

C omplete h Pit A I'crificatmt Environment 


Model Sink 


Active HDL 5.1 (AES_model) - Waveform Editor 1 H 


File Edit Search View Design Simulation Waveform loots Window Help 
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No simulation 


Design Browser 


i^test_conv_32_to_128 (test) 


Unsorted 


AES_model 

^S: Add New File 
1=] >/AES_model.vhd 
dl >/dispatch_unit.vhd 
dl ytest_AES.vhd 
1=] I test_bypass.vhd 
m dl J test_converters.vhd 
- 1=] )(test_dispatcher. vhd 
dl V collector, vhd 
aes_fun2.awf 
aes_core 

- d) V components, vhd 
[+F dl J converters, vhd 
E J dl V data_paths. vhd 
S- dl Vmain_core_control.vhd 
i+f dl >/counter_mode.vhd 
SdlyiV_paths.vhd 
E } dl J cipher_body.vhd 
L dl >/ cipher jwth_f if os. vhd 
•an AES_model library 
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Name 


El ** number_in_fifo 
"" data_32_empty 
** data_32_read 

El "■ data_out 


Value 
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El "" data_out_ID 
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El "■ control_out 
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"■ data_out_IV_sel 

1 





"" data_1 28_empty 
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m mote_than_one_avail 
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E) pass_info_out 
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** read_32_d 
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El "■ rot_fback 
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El ^ ctrl_reg 

B6D 
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El " data_reg 

00000002000000030000000400000005 
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E) "■ rotor 
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FPGA Synthesis Tools 


K xilinx synopsys* 

xst .eimusa 


Logic Synthesis 


VHDL description 


Circuit netlist 


architecture MLUDATAFLOW ofMLU is 

signal Al:STD_LOGIC; 
signal Bl:STD_LOGIC; 
signal Yl:STD_LOGIC; 

signal MUX O, MUX1, MUX 2, MUX 3: STD LOGIC; 
begin 

A1<=A when (NEG_A='0') else 
not A; 

B 1<=B when (NEG_B='0') else 
not B; 

Y<=Y1 when (NEG_Y='0') else 
not Yl; 

MUX_0<=A1 and B 1 ; 

MUX_1<=A1 or B 1; 

MUX_2<=A1 xor B 1 ; 

MUX_3<=A1 xnorBl; 

with (LI & LO) select 

Y1<=MUX_0 when "00", 

MUX1 when "01", 
MUX 2 when "10", 
MUX 3 when others; 

end MLU DATAFLOW; 




FPGA Implementation 


• After synthesis the entire implementation 
process is performed by FPGA vendor tools 


XXILINX 




Xilinx FPGA Tools 


ECE Labs 


Xilinx ISE 

Aldec Active-HDL 

Design Flow 

Design Flow 

- Xilinx ISim or 

Mentor Graphics ModelSim SE 

r Aldec Active-HDL (IDE) 

_ Xilinx XST or 

Synopsys Synplify Premier DP 

_ Xilinx XST or 

Synopsys Synplify Premier DP 

- Xilinx ISE Design Suite (IDE) 

- Xilinx ISE Design Suite 


simulation 

synthesis 

implementation 


Design Process control from Active-HDL 










Xilinx FPGA Tools 


Home 


Xilinx ISE 
Design Flow 

Xilinx ISim 

Xilinx XST 
(restricted) 

Xilinx ISE/WebPACK (IDE) 
(restricted) 


Aldec Active-HDL 
Design Flow 

- Aldec Active-HDL 
Student Edition (IDE) 

- Xilinx XST 
(restricted) 

_ Xilinx ISE/WebPACK 
(restricted) 


simulation 

synthesis 

implementation 
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Done 


LED 


VGA 


Port 


MODE 

Jumper 

Reset 
r Button 


USB HID 
Host Port 


7-seg 

Display 


USB 

UART 


LEDs 


Slide switches 


Push buttons 










